The definitive hosts for A. cantonensis are usually rodents from the genus Rattus, such as commonly found rats, Rattus norvegicus and R. rattus. The main intermediate hosts are molluscs including snails Achatina fulica, Pocacea canaliculata (63,64) and slugs such as Veronicella cubensis (24). An adult female nematode in the pulmonary arteries of infected rats can lay around 15,000 eggs daily (Figure 1 ) (68). Eggs are carried by the bloodstream to the capillaries, where they break into the air spaces of alveolus and hatch. The first-stage larvae (the juveniles) migrate up the bronchial tree, are swallowed and are excreted out with the feces (Figure 1B) . The larvae in feces are digested by an intermediate mollusc host and develop after two molts into third-stage larvae in 12 days ( Figure 1C ) (6). The third-stage larvae are able to infect the rat when they ingest infected molluscs. In the alimentary tract of a rat, the larvae are released from the chyme after pepsin/trypsinase digestion and enter the bloodstream. Later, the
larvae reach the central nervous system (CNS) of the mammalian host, mostly in the brain, where they molt twice and become adult worms within two weeks (2) . Finally, the adult worms migrate to the pulmonary arteries, become sexually mature and then lay eggs ( Figure  1A ). It takes approximately 6-8 weeks for an infected rat to start to excrete first-stage larvae after ingesting an infected mollusc (68) . However, infective third-stage larvae of A. cantonensis are not restricted to molluscs. A set of paratenic hosts can serve as accidental carriers of this parasite and these aremainly those animals who eat molluscs, such as fresh-water crustaceans (prawns and land crabs), terrestrial planarians, frogs, toads and monitor lizards (63) . Although A. cantonensis cannot develop further in paratenic hosts, these hosts could assist in the distribution of this parasitic nematode by making them available to definitive hosts. Human A. cantonensis infections occur after eating molluscs, paratenic hosts or vegetables, which are contained or contaminated by the third stage infective larvae of the worm (10, 53, 59, 63) . The larvae are digested from the vectors and invade host intestinal tissue causing enteritis. Larval migration in mammalian host organs may cause many clinical signs, e.g. in the liver it usually causes hepatomegaly (70) , while in lung it results in coughing, rhinorrhea, sore throat, malaise and fever. When the worms settle down in the central nervous system (CNS), patients may develop eosinophilic meningitis and eosinophilic pleocytosis. Occasionally, the worms can reach the eyes and cause ocular angiostrongyliasis which may occur in parallel with visual disturbances such as diplopia or strabismus in many patients (51, 53) .
EPIDEMIOLOGY
The first human case of angiostrongyliasis was reported in Taiwan in 1945. Since then, several outbreaks of angiostrongyliasis in humans have been reported in the Pacific Islands. To date, more than 2,900 cases have been documented worldwide. In the last two decades, several major outbreaks of human angiostrongyliasis have been reported in endemic regions, especially in China (12 outbreaks in Mainland China and 3 outbreaks in Taiwan). In addition, western travelers have been diagnosed with eosinophilic meningitis caused by A. cantonensis after returning from endemic regions (4, 35, 37, 38, 46, 48, 55) . For example, 12 American travelers developed eosinophilic meningitis after they returned from Jamaica in 2002 (55) . These cases have resulted in great concern for both the general public and the physicians.
CLINICAL MANIFESTATIONS
Incubation period of human angiostrongyliasis is usually within two weeks, but may vary from one day to several months, depending on the number of the parasites involved and the age of the patients (63) . After the incubation period, the onset of the disease is frequently sudden and presents as eosinophilic meningitis or meningoencephalitis. Eosinophilic meningitis is a rare condition, in relation to most other diseases, and is associated with central nervous system (CNS) injury commonly caused by parasitic agents, such as in the case of A. cantonensis (39) . Clinical symptoms appear on the sixth to the fifteenth day after infection in more than half of patients studied (51, 70) . In a series of studies, clinical symptoms were analysed in 900 adult and 133 paediatric patients and they were found to have eosinophilic meningitis caused by A. cantonensis (47, 52, 63) . The symptoms of headache, stiff neck, nausea and vomiting are commonly found in infected patients. Over 95% of patients suffered from headache in the early stages of the disease and it was suggested that this was caused by increased intracranial pressure or direct damage by the larvae. Furthermore, this clinical sign could be released by lumbar puncture (51, 70) . Neck stiffness was observed in 43-46% of the patients. Approximately 43% of adult patients felt paraesthesia, usually expressed as pain, numbness, itching, while the frequency of this was less in children (29%). Nausea and vomiting occurred in 39% of adult and 79% paediatric patients. Fever was shown to be higher (79%) in paediatric patients than in adults (30%). Children infected with A. cantonensis were seen to also develop the following clinical symptoms: somnolence (82%), constipation (79%), abdominal pain (35%), weakness of extremities (17%), muscle twitching and convulsion (16%). The severity of symptoms is possibly related to the quantity of A. cantonensis L3 larvae ingested (44, 70) In Thailand, people are generally consumers of low larval burden Pila or Pomacea snails and tend to have milder disease than consumers of the giant African snail (A. fulica) who may develop severe or fatal disease due to the higher burdens of larvae (33, 51, 59, 70) .
LABORATORY DIAGNOSIS
The detection of A. cantonensis (young adults or larvae) in cerebrospinal fluid (CSF) or the ocular chamber is the gold standards for diagnosis of human angiostrongyliasis. However, a direct identification of the worm in patients is rarely successful with only 2-11% of infection cases detected (63, 70) . This is due to the low probability of parasites entering the subarachnoid space and the limited volumes of CSF that are usually checked. In one study, larval recovery from CSF was increased to 41.5% of 82 patients using a pumping method (25) . Other indicators can also be used for detection, these are: the clinical symptoms, medical history, CNS imaging results, laboratory detection of eosinophilia in the blood and cerebrospinal fluid and serological tests. A history of eating intermediate or paratenic hosts is very critical factor in the diagnosis of A. cantonensis infection. Furthermore, the possibility of contact with infective parasite larva such as presence of intermediate hosts in living places may also be a useful indicator for diagnosis. For angiostrongyliasis patients, magnetic resonance imaging (MRI) examination usually reveals the presence of different types of lesions. These include leptomeningeal and multiple micronodular enhancements in brain tissues and linear enhancement in the pia mater (21, 25, 61) . In addition to MRI, computed tomography (CT) is another option which may differentiate the presence of A. cantonensis from other parasitic diseases (41) . However, it was reported that these findings were both highly variable and, in some cases, nonspecific in angiostrongyliasis patients and therefore could only be used as a follow up confirmation rather than the basis for differential diagnosis (27, 31, 57, 58, 61) . The appearance of CSF in angiostrongyliasis patients may be clear or coconut juice like (50, 54) . The eosinophil count in the CSF of patients is often high (between 100 to 1000 per mm 3 ) and make up at least 10% of the total white cell count (63)and 7-36% of the white cell count in peripheral blood (59) . Immunological techniques, using human antibodies against A. cantonensis, have been developed to confirm a presumptive diagnosis by detection of antigens or antibodies against A. cantonensis in serum or cerebrospinal fluid. An intradermal test based on a skin reaction to A. cantonensis was developed in 1960s (1) . Later, various assays were developed, including immunodiffusion (29) , immuno-electrophoresis (30), indirect hemagglutination test (8) , enzyme-linked immunosorbent assay (ELISA) (18) and direct and indirect immunofluorescent antibody tests (DFAT and IFAT) (66), etc. Various ELISA methods have been developed and proved to be satisfactory with almost 100% sensitivity and specificity in laboratory diagnosis (21) . A dot-blot ELISA was established which proved to be convenient for handling field samples for epidemiological surveys (20, 71) . A combination of PCR techniques and immuno-methods have developed into immuno-PCR, which can successfully detected antigens from A. cantonensis in serum (14) . (More related information can be obtained in References 19 and 67) . The ribosomal SSU rRNA gene was utilized to develop a nucleic acid amplification test of A. cantonensis at the Centers for Disease Control and Prevention (USA , http://www.dpd.cdc.gov). The genome of this parasite was published in 2013, which enabled a straight forward approach to developing genetic markers for distinguishing angiostrongyliasis from other parasitic diseases (42) . PCR does not distinguish between different life cycle stages of the parasite and will produce a positive result for any material containing A. cantonensis DNA, including eggs, fragments of worms, and residual cells shed from adult worms.
ANTIPARASITIC THERAPY
Mild cases of angiostrongyliasis could be self-limiting and resolved spontaneously without specific therapy. However, severe cases can develop permanent, neurological sequelae without prompt and proper treatment and can even progress to coma and death. The recommended treatment is supportive and treatment of symptoms. Anthelminthics, such as albendazole, mebendazole and ivermectin, usually are not recommended for treatment of A. cantonensis infections, because dead worms may exacerbate inflammation and increase neurological symptoms. However, these compounds have been shown to have an ability to relieve symptoms and reduce the duration of the disease in patients in both China and Thailand (10, 28) . In Southeast Asia, A. cantonensis is widely distributed. At least 1,337 human infection cases have been documented in Thailand (64) , which has been linked to eating raw or undercooked snails (Pila spp.) with alcohol, a popular dietary habit especially among young adult males. Cases were also found in Vietnam, Cambodia, the Philippines, Malaysia, and Indonesia, (2, 15, 63) . In China (including Hong Kong and Taiwan) over 800 cases have been reported and infection has been linked to several factors: the pursuit of eating exotic and delicate foods including raw and undercooked snails and the carelessness of parents in Taiwan looking after children playing with snails (64). This is suggestive of low public concern to this parasite. There are a wide range of other countries that are also considered to be endemic areas of A. cantonensis, these include: i. East or South Asia and the Pacific Basin, Japan (Kyushu and Okinawa), India, Sri Lanka, Australia (Queensland and New South Wales), Papua New Guinea, Vanuatu Republic (New Hebrides), Fiji, American Samoa, Western Samoa, New Caledonia, French Polynesia (Tahiti), Tonga, Hawaiian Islands; ii. Africa Ivory Coast, Nigeria, Egypt, Mayotte, Madagascar, Reunion Island; iii. Caribbean, USA (Louisiana), Cuba, Jamaica, the Bahamas, Puerto Rico, Dominican Republic, Haiti; iv. South America, Brazil and Ecuador (3, 41, 45, 47, 56, 63) . However, it is unknown how many additional cases there might be which have not been reported or recognized during the past decades. Travelers from non-endemic regions have been reported sporadically as infection cases after returning (63) . Therefore, travelers to endemic places should avoid eating raw and undercooked molluscs. Physicians should suspect eosinophilic meningitis due to A. cantonensis when a recent traveler presents with headaches, elevated intracranial pressure, eosinophilic pleocytosis and paresthesia or hyperesthesia.
ADJUNCTIVE THERAPY
Surgery is necessary to remove worms from eyes of patients with ocular angiostrongyliasis where laser treatment could be used to inactive the worms and prevent further damage (53) . Analgesic drugs are administered for pain relief. Lumbar puncture is effective at relieving symptoms of eosinophilic meningitis caused by increasing intracranial pressure, such as headache and nausea. Anti-inflammation producing corticosteroid therapy was shown to be effective in the relief of symptomatic headaches caused by A. cantonensis induced eosinophilic meningitis (12) . The combination of corticosteroids and anthelminthics has been successfully used for treatment of human angiostrongyliasis (9, 11, 22 (32) . Terrestrial and some aquatic snails and slugs are the primary intermediate hosts (40) . Achatina fulica, or the African giant land snail, may contain thousands of third-stage larvae of A. cantonensis which can be a major source of human infection worldwide. A national survey in Southern China found 13.4% of A. fulica to be infected with A. cantonensis in mainland China while only 0.3% of other terrestrial snails were infected (40) . In the Phitsanulok province of Thailand, the infection rate of A. fulica has been reported to be up to 12.37% (62) . The global dispersal of A. cantonensis has been postulated to be associated with the spread of this snail from its native origins in Africa to the Pacific basin, South Asia, the CaribbeanIslands and North America (34) . The golden apple snail, P. canaliculata, a very successfully invasive snail from South America, has a very wide distribution in Asia (23) . Unfortunately, this snail is also very susceptible to A. cantonensis and has become an important intermediate host in these regions with high infection rates of 10-69.4% (63) . Most outbreaks in China have been attributed to this snail (69) . A recent national survey in southern China showed 6.8% of P. canaliculata are infected with A. cantonensis, while other freshwater snails (including Bellamya aeruginosa and Cipangopaludina chinensis) have an overall infection rate of 0.05% (40) . In Thailand, snails of Pila spp. (Pila polita, Pila ampullacea), which typically have low burdens of A. cantonensis, are frequently eaten by adult males and are the major intermediate hosts there (51, 70) . In Okinawa and Hawaii, semi-slugs Parmarion martensi (family Helicarionidae) have a high frequency of A. cantonensis infection (e.g. 78% in Hawaii, 24). In Hawaii, 24% Cuban slugs (Veronicella cubensis, family Eronicellidae) are also frequently infected with A. cantonensis (24 (5, 26, 43) . There is very little known about A. cantonensis in paratenic hosts such as crustaceans (prawns and land crabs), predacious land planarians (flatworms of the genus Platydemus, eg. Platydemus manokwari in Okinawa and Hawaii, 24), fish, frogs and monitor lizards. However, they have all been reported to contribute to the reservoir of infection for humans (16, 17, 36) .
Rats, commonly R. rattus and R. norvegicus, are the definitive hosts and therefore are necessary for the establishment of A. cantonensis epidemics in an area. Identification of infected rats confirm an area as an endemic region. These rats are tolerant ofA. cantonensis infection, surviving with relatively large infective doses (>150 parasites in brain) without any significant CNS abnormality (49) . Other species of rats, such as R. exulans, R. flavipectus, found in rural and forested areas, are also reported to be natural hosts (17, 40) . In addition, under laboratory conditions other species, such as Mongolian gerbils (Meriones unguiculatus), have been shown to serve as definitive hosts for A. cantonensis and support completion of the life cycle (65) . The infection rates in rats were highly variable in endemic areas (63) . A recent national survey showed the overall infection rate of rats (mainly R. norvegicus) with A. cantonensis was 4.2% in China (40) .
PREVENTION
Due to the worldwide distribution and the large population of A. cantonensis hosts (rats and molluscs), it would be almost impossible to eradicate this parasite from the environment. However, it is reasonably easy to block the transmission pathway of this parasite to humans by educating the public not to eat raw or undercooked snails, frogs, lizards or any other potential intermediate and paratenic hosts from the endemic regions. Snails are considered a very popular kind of food and are prepared in various ways. Eating raw or undercooked snails with seasonings, such as with pepper and pericarpium or alcohol, is a popular custom that has existed for generations in some endemic regions especially in Thailand and China. Most outbreaks of human A. cantonensis infections in China have been attributed to this method of preparing snails. New fashions in eating are emerging such as eating salads, raw vegetable juice and French snail-based cuisines. These may be attractive to people but could cause problems if the food supplies originate from endemic regions without specific safety considerations. Thus, education to limit or change such eating manners would be a very useful, practical and achievable intervention for control of human A. cantonensis infection. Young children, people with mental dysfunction or pica disorder, food handlers and gardeners are also at risk. Public health workers and physicians in endemic areas as well as those working in the non-endemic regions ofA. cantonensis also need to be trained in the knowledge of this parasite with specific emphasis on transmission routes and the dangers to the health of the population. In conclusion, the recommended measures for prevention in endemic regions include: (i) educating citizens/tourists to be aware of A. cantonensis and the disease caused by this parasite; (ii) education to promote only eating adequately cooked snails, slugs, small molluscs and paratenic hosts of A. cantonensis such as frogs, shrimps and land crabs; (iii) eradicating molluscan hosts near housing and vegetable gardens; (iv) education to promote not eating unwashed vegetables which may be contaminated with the infective stage larvae of A. cantonensis; (v) education to promote washing hands frequently and particularly after gardening and (vi) educating physicians in both non-endemic and endemic regions to know this parasite will help to diagnose A. cantonensis infection in humans promptly.
